.
where the correlation function has been separated into an orientational (o) and a vibrational (v) contribution. a(t) is the Raman tensor for the ( 1) oouo":~7 If the interaction which is responsible for the frequency shift ow does not appreciably mix different normal modes, off-diagonal elements are small and the effect of the scattering at rates W+ and w_ can be written in terms of a time-dependent vi"brational frequency wv(t).
In this case
and the correlation function is_given by (3) I If the W+ and W_ are constant in time, wv(t ) is ~ Markoffian random function and ~(t) is given by 4
The matrix wv is diagonal and contains the possible values of wv(t) and proba~ility .distribution of wv{t), while lis a column vector whose elements are all unity. Aside from other contributions to the total correlation function, the spectral lineshape is given by: (5) where
For the situation depicted in Fig. 1 , one can show that the lineshape is given in the low power, low temperature limit by a Lorentz . lineshape function: (6) The rates for vibrational energy exchange are incorporated into the 0 ' · . : _) '
and the effective relaxation time,
where T 1 processes to lower states and homogeneous T 2 processes associated with the vibrational state are included. Physically, vibrational energy exchange introduces two features into Raman spectra.
The first is a shift of the transition frequency with temperature Applications of equations ( 9) and {lO) to the data in Figs. 2 and 3 allows us to determine the parameters ow and T • One finds ow= 14±2 cm-1 and T= 0.18 psec. These very interesting quantities would be difficult to determine using another method. ow gives the strength of the interaction between the torsional mode and the C-H stretching mode, and in this instance is probably due principally to intramolecular effects. T is a population relaxation time for the torsion which, unlike linewidth measurements, is not obscured by contributions from dephasing.
Finally, the scattering time (W+)-l can be determined from the data.
At 30°K it is 8.7 nsec while at room temperature it is 0.54 psec.
It should be noted at this point that this mode also showsstimulated Raman scattering at low temperature, however the dominate mode that appears in the stimulated Raman spectrum at higher temperatures U ? c4 · 3 ..... 
